The study was undertaken to determine a possible role of polyamines (putrescine, spermidine, spermine) as antioxidants in salt tolerance of Chamomilla recutita and Origanum majorana. Salinity generally induced variable changes in growth, contents of oil and flavonoids of both plants; foliar application of any polyamines counterbalanced the effects of salinity. In general, the degree of stimulation differed according to the type and concentration of the used additive and the type of the plant.
Salinity causes oxidative damage through generation of oxygen radicals such as singlet oxygen, superoxide, hydrogen peroxide and hydroxyl radicals (Elstner 1982 , Hernández et al. 1993 , or inhibition of antioxidant systems in plants (Ali 2000) .
However, some correlations were reported between lipid content and salinity in some plant species (Chavan et al. 1980 , Heikal et al. 1980 , Younis et al. 1987 , Ali 2002 .
Flavonoids were shown to be highly effective scavengers of most types of oxidizing molecules, including singlet oxygen and various free radicals; many of them play an important physiological and ecological role, being involved in resistance to different types of stress (Rice- Evans and Miller 1998 , Ayaz et al. 2000 , Ali and Abbas 2003 .
Common polyamines (PAs), namely putrescine (put -diamine), spermidine (spd -triamine) and spermine (spm -tetramine), are biologically active compounds recognized as modulators of plant growth and development; they important for plant responses to environmental stress (Smith 1985 , Evans and Malmberg 1989 , Messiaen et al. 1997 , Bouchereau et al. 1999 , Ndayiragije and Lutts 2005 .
Some studies indicate that the degree of oxidative cellular damage in plants exposed to abiotic stress is controlled by the capacity of antioxidative systems. However, the response of foliar application of antioxidants to salinity on medicinal plants has been poorly investigated. The aim of the present work is thus to study the response of foliar application of antioxidants to various levels of salinity. The interactive effect of salinity and foliar application of antioxidants (put, spd, spm) on growth, oil and flavonoids of Chamomilla recutita and Origanum majorana plants was studied.
MATERIAL AND METHODS
The plant materials used in this study were Matricaria chamomilla L. as compositae and Origanum majorana as aromatic labiatae; both of them are important medicinal plants grown in sandy areas in Egypt. Seeds were sown and grown in the nursery for 30 days. Uniform seedlings were transplanted in pots (30 cm in diameter) filled with 10 kg air-dry soil (clay/sand 2:1 v/v). Temperature in the greenhouse ranged from 15 to 25°C. In order to regulate the distribution of irrigation solution, a finely perforated plastic tube was inserted in each pot at the distance of 2 cm from the centre of the pot and ¾ way down in the soil. After next 7 days, the Hoagland's nutrient solution (Hewitt 1966) supplemented with different NaCl concentrations (0, 25, 50, 75, 100, 125, 150mM) was used for irrigation.
Antioxidants (put, spd, spm) were sprayed 4 times at 0.1mM. Untreated plants were sprayed with distilled water. The first spray was made 7 days after transplanting and repeated at 15-day intervals. The plants were sprayed with a manual pressure pump at an average of 10 cc. In order to prevent the accumulation of salts soil in each pot was leached every ten days with excessive amount of distilled water. The experiments were carried out in three replicates. At the end of the experimental period (60 days) plant growth was determined from the dry matter of different organs (roots, shoots and flowers).
Determination of oil content. The method adopted for solvent of the oil (the content of an oleaginous material) was described by Meara (1955) and applied by Younis et al. (1987) .
Extraction and quantification of total flavonoids. Flavonoids of the plant materials were extracted with 80% methanol at 60°C, shaken for 20 min, and filtered. The filtrate was diluted at 1:3 and 100 µl of reactive solution (1% 2-aminoethyl diphenyl borate) was added (Hariri et al. 1991, Ali and Abbas 2003) . Spectrometric measurements were done at the maximum wavelength of 404 nm. Extract absorption was compared with that of standard (luteolin) resulting in the calculation of total amount of flavonoids.
Statistical analysis. The experimental design was a random complete block with three replications. The data were analysed by the STATGRAPHICS (Statistical Graphics Corporation, Princeton USA) statistical package by the t-test and ANOVA functions to assess significant differences among means.
RESULT AND DISCUSSION
The accumulation of dry matter of roots, shoots and flowers of Chamomilla recutita was mostly enhanced with increasing salinization level ( Figure 1 , Table 1 ). This might indicate that Chamomilla recutita has an ability to exhibit variable responses to salinity stress. The same conclusion was recorded by Blacquiere and Lambers (1981) and Imamul-Hug and Larher (1984) . In contrast, the values of dry matter of roots and shoots of Origanum majorana were generally decreased with increasing salinity (Figure 2 , Table 2 ). The reduction was more obvious at higher salinity levels than at lower ones; as opposed to these results, the values of dry matter of flowers increased with increasing salinity. The inhibitory effect of water stress induced by salinity on growth parameters of Origanum majorana is in agreement with the results obtained by some authors using different plants (Hernández et al. 1995 , Lin and Kao 1996 , Ali 2002 .
Foliar application of any polyamines (put, spd, spm) significantly increased dry matter of roots and shoots in Chamomilla recutita. Similarly, foliar application of any polyamines significantly increased dry matter of shoots and flowers in Origanum majorana (Figures 2-3 , Tables 2-3) ; however, dry matter of roots in Origanum majorana decreased (Figure 2) .
The characteristic effects of each polyamine on Chamomilla recutita or Origanum majorana could depend on the type of the amine, which is probably due to the variation in polyamine pools within the plant body (Chen and Galston 1985) or the alteration of endogenous polyamine pools as a result of exogenous polyamine application (Altamura et al. 1991 , Bajaj and Rajam 1995 , Ali 2000 . The inhibitory effects of polyamines on Origanum majorana roots further substantiate the supposition that the effects of polyamines are tissue, organ and species-specific (Minocha and Minocha 1995) .
Polyamines are involved in the regulation of growth and stress responses, and are also related to plant flowering and other reproductive activities, as demonstrated by changes in their concentration with the occurrence of these physiological events (Smith 1985 , Evans and Malmberg 1989 , Tiburcio et al. 1993 , Galston et al. 1997 , Ndayiragije and Lutts 2005 . Moreover, putrescine applied together with NaCl effectively enhanced dry matter of shoots and flowers in Chamomilla recutita but reduced it in roots (Figures 1 and 3 ). Foliar application of either spermidine or spermine significantly decreased dry matter of roots, shoots and flowers when compared with the corresponding treatments with NaCl, however they remained higher than those of control plants.
Foliar spray of any polyamines together with NaCl effectively increased dry matter shoots, roots and flowers of Origanum majorana (Figures 2 and 3) . These results are consistent with the studies of some authors who reported that exogenous application of putrescine can overcome the harmful effects of NaCl stress (Prakash and Prathapasenan 1988a , b, Krishnamurthy 1991 , Ali 2000 .
Increasing salinity gradually enhanced the oil contents in shoots and flowers of Chamomilla recutita and in roots and shoots of Origanum majorana, in contrast to flowers of Origanum majorana and roots of Chamomilla recutita (Figures 4 n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01;***very highly significant at P ≤ 0.001 Table 2 . The effect of NaCl and treatment with 0.1mM polyamine (control, put, spd or spm) on dry matter n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01; ***very highly significant at P ≤ 0.001 n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01; ***very highly significant at P ≤ 0.001 n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01; ***very highly significant at P ≤ 0.001 n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01; ***very highly significant at P ≤ 0.001 n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01; ***very highly significant at P ≤ 0.001 n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01; ***very highly significant at P ≤ 0.001 and 5, Tables 4 and 5 ). This is in accordance with the results obtained with cotton by Twersky and Felhendler (1973) ; they recorded a direct relation between the salinity of irrigation and oil concentrations. The observed salt tolerance of the oil-producing plants as well as the enhancement in their physiological activities by salinity may strengthen the supposition (Ahmed et al. 1977 , 1979 , Ali 2002 ) that these plants probably have their own mechanism to counterbalance the effect of salinity treatments by oil formation. Generally, foliar application with any of the polyamines increased the oil content in roots, shoots and flowers of Chamomilla recutita and Origanum majorana (Figures 4 and 5) . Also, foliar application with polyamines increased the oil content in roots, but decreased it in shoots and flowers of Chamomilla recutita when compared with the corresponding treatments with NaCl. However, in the case of Origanum majorana the oil content in roots increased at low NaCl level, spermidine or spermine increased the oil contents in roots and shoots when compared with the corresponding treatments with NaCl. Spermidine treatments decreased the oil content in flowers of Origanum majorana, whereas spermine increased it.
The flavonoid content of Chamomilla recutita roots and Origanum majorana shoots increased up to 100mM NaCl but decreased in roots of Origanum majorana plant (Figures 6 and 7 , Tables 6 and 7) . Furthermore, NaCl treatments were capable of acting as activators of flavonoid accumulation. The highest accumulation of flavonoids was at 100mM NaCl in the case of shoots and flowers of Origanum majorana, and at 50mM NaCl in roots of Chamomilla recutita. However, the flavonoid contents in roots, shoots and flowers of Chamomilla recutita were accumulated at lower salinization levels (25 and 50mM NaCl). It was observed that several classes of flavonoids show antioxidant activity towards a variety of easily oxidizable compounds, many of those play an important physiological and ecological role as they are involved in resistance to different types of stress (Rice- Evans and Miller 1998 , Ayaz et al. 2000 , Ali and Abbas 2003 .
Foliar application with putrescine generally increased the level of flavonoids in different organs of both plants except for shoots of Chamomilla recutita. Treatments with spermidine increased the flavonoid content in shoots of Chamomilla recutita at moderate levels of salinity (from 75 to 125mM) and in different organs of Origanum majorana at lower levels of salinity (up to 75mM), but decreased it in roots and flowers of Chamomilla recutita. Treatments with spermine increased the flavonoid content in different organs of Origanum majorana, but decreased in shoots and flowers of Chamomilla recutita. Treatment of Chamomilla recutita and Origanum majorana plants with different levels of salinity with any of polyamines induced some changes in flavonoids synthesis. Putrescine generally increased the level of flavonoids in different organs of both plants. Similarly, spermidine increased the flavonoid contents in different organs of Origanum majorana plant and in shoots of Chamomilla recutita. Treatment with spermine increased the flavonoid contents in different organs of Origanum majorana and in roots of Chamomilla recutita, but variably changed in shoots and flowers of Chamomilla recutita plant.
To conclude, it was observed that salinity generally induced variable changes in the contents of oil and flavonoids in the plant parts of both Chamomilla recutita and Origanum majorana. The tendency of these changes leads to an assumption that the two medicinal plants tested in this investigation have some variable abilities not only to tolerate moderate salinization but also to grow well and to produce the same amount or even more oil and flavonoids than the control plants. Foliar application of any polyamines counterbalanced the adverse effects of salinity on growth and content of oils and flavonoids in Chamomilla recutita and Origanum majorana plants.
